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Field of Invention 

The present invention relates to an implantable prosthesis and, more particularly, to a 
composite prosthesis for use in soft tissue repair and reconstruction that limits the incidence 
of postoperative adhesions. 



Various prosthetic materials have been proposed to repair and reinforce anatomical 
defects, such as tissue and muscle wall hernias. For example, ventral and inguinal hernias are 
commonly repaired using a sheet of biocompatible fabric, such as a knitted polypropylene 
mesh (BARD MESH). The fabric is typically sutured, stapled or otherwise provisionally 
anchored in place over, under or within the defect. Tissue integration with the fabric, such as 
by tissue ingrowth into and/or along the fabric, eventually completes the repair. 

It has been suggested that in certain procedures, the prosthetic fabric may come into 
contact with tissue or organs potentially leading to undesirable postoperative adhesions 
between the mesh and the tissue or organs. It had been proposed in U.S. Patent No. 
5,593,441, assigned to C.R. Bard, Inc., also the assignee of the present application, to repair 
ventral hernias and/or reconstruct chest walls using a prosthesis that is covered with an 
adhesion resistant barrier, such as a sheet of expanded PTFE. In the repair of ventral hernias, 
the composite is positioned with the barrier facing the region of potential adhesion, such as 
the abdominal viscera, and in the case of chest wall reconstruction, the barrier faces the 
thoracic viscera (i.e., heart and lungs). Other configurations of composite prostheses can be 
found in U.S. Patent Nos. 5,695,525; 5,725,577 and 5,743,917, each of which is also assigned 
to C.R Bard, Inc. 

International Publication No. WO 97/35533, also assigned to C.R. Bard, Inc., 
proposed a universal composite prosthesis in which one side of a layer of mesh material is 
covered with a layer of barrier material. The mesh material promotes biological tissue 
ingrowth while the barrier material retards biological tissue adherence thereto. The 
prosthesis may be utilized for various surgical procedures, including ventral hernia repair and 
inguinal hernia repair. 
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It is an object of the present invention to provide an improved method and prosthesis 
for the repair of tissue and muscle wall defects. 



The present invention is an- implantable prosthesis and a method of repairing an 
anatomical defect, such as a tissue or muscle wall defect, by promoting tissue growth thereto, 
while limiting the incidence of postoperative adhesions between a portion of the prosthesis 
and tissue or organs. The prosthesis is formed of a biologically compatible, flexible layer of 
repair fabric suitable for reinforcing tissue or muscle and closing anatomical defects, and a 
barrier layer for physically isolating at least a portion of one side of the fabric from areas 
likely to form adhesions. 

In one embodiment of the invention, a peripheral barrier extends about at least a 
portion of an outer peripheral edge of the repair fabric to inhibit adhesions between the outer 
peripheral edge and adjacent tissue and organs. 

According to one aspect of the invention, the peripheral barrier may be formed 
integral with the repair fabric. More particularly, a portion of the outer margin of the repair 
fabric may be melted and resolidified to render an outer peripheral edge that is substantially 
impervious to tissue ingrowth. 

In another aspect of the invention, the peripheral barrier may be formed integral with 
the barrier layer. More particularly, a portion of the outer margin of the barrier layer may be 
wrapped about an outer peripheral edge of the repair fabric. 

According to a further aspect of the invention, the peripheral barrier may be a separate 
component that is disposed along the outer peripheral edge of the repair fabric. In this regard, 
adhesion resistant material may be provided about the outer peripheral edge of the repair 
fabric. Additionally, or alternatively, the material may be impregnated into or otherwise 
attached to the fabric. 

In another embodiment of the invention, the layer of repair fabric includes an inner 
body and an outer margin extending from the inner body, the outer margin including an outer 
peripheral edge. Each of the inner body and the outer peripheral edge has a thickness with 
the thickness of the outer peripheral edge being less than the thickness of the inner body. 
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In a further embodiment of the invention, the layer of repair fabric includes an outer 
margin with an outer peripheral edge .that has been melted and resolidified to render the outer 
peripheral edge resistant to the formation of adhesions with tissue and organs. 

In still another embodiment of the invention, a plurality of connecting stitches joins 
5 the barrier lay^r to the portion of the repair fabric, the plurality of connecting stitches being 
formed from PTFE to inhibit the formation of adhesions thereto. 

In still a further embodiment of the invention, the layer of repair fabric includes an 
outer margin with an outer peripheral edge, the outer margin being reinforced to form a bite 
region for securing the prosthesis along the outer margin. 
10 Other objects and features of the present invention will become apparent from the 

following detailed description when taken in connection with the accompanying drawings. It 
is to be understood that the drawings are designed for the purpose of illustration only and are 
not intended as a definition of the limits of the invention. 

CP 15 Brief Description of the Drawings 

r.^ The foregoing and other objects and advantages of the invention will be appreciated 

Jf : more fully from the following drawings, wherein like reference characters designate like 

I iff 

uJ features, in which: 

FIG. 1 is a top plan view of an implantable prosthesis in accordance with one 
j 1 ? 20 illustrative embodiment of the present invention; 

i 

j; FIG. 2 is a bottom plan view of the prosthesis of FIG. 1 ; 

%t FIG. 3 is a cross-sectional view of the outer margin of the prosthesis taken along 

section line 3-3 of FIG. 1; 

FIG. 4 is a top plan view of an implantable prosthesis in accordance with another 
25 illustrative embodiment of the present invention; 

FIG. 5 is a bottom plan view of the prosthesis of FIG. 4; 

FIG. 6 is a cross-sectional view of the outer margin of the prosthesis taken along 
section line 6-6 of FIG. 4; 

FIG. 7 is a fragmented view of the outer margin of the prosthesis of FIG. 5; 
30 FIG. 8 is a cross-sectional view of the outer margin of a prosthesis in accordance with 

another illustrative embodiment of the present invention; 
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FIG. 9 is a cross-sectional view of the outer margin of a prosthesis in accordance with 
a further illustrative embodiment of the present invention; and 

FIG. 10 is a cross-sectional view of the outer margin of a prosthesis in accordance 
with still another illustrative embodiment of the present invention. 

5 

Description of Illustrative Embodiments 

FIGS. 1-3 illustrate one embodiment of an implantable prosthesis for repairing soft 
tissue and wall defects, such as ventral and inguinal hernias, and/or for chest wall 
reconstruction by promoting tissue ingrowth thereto while limiting the incidence of 

10 postoperative adhesions to selected portions of the prosthesis. The prosthesis 20 includes a 
layer of tissue infiltratable repair fabric 22, an adhesion resistant barrier layer 24 overlying at 
least a portion of one side of the fabric, and a peripheral barrier 26 extending about a portion 
of the outer peripheral edge 28 of the fabric. 

The repair fabric 22 is formed of a biologically compatible, flexible material that 

1 5 includes a plurality of interstices or openings which allow sufficient tissue ingrowth to secure 
the prosthesis to host tissue after implantation. The barrier layer 24 and the peripheral barrier 
26 are formed of a material and/or with a structure that does not substantially stimulate tissue 
ingrowth and adhesion formation when implanted in tissue to limit the incidence of 
postoperative tissue adhesions between the fabric and adjacent tissue and organs. 

20 The prosthesis 20 may be relatively flat and sufficiently pliable to allow a surgeon to 

manipulate the shape of the implant to conform to the anatomical site of interest and to be 
sutured or stapled thereto. The shape and size of the composite implant, and of the respective 
repair fabric 22, barrier layer 24 and peripheral barrier 26, may vary according to the surgical 
application as would be apparent to one of skill in the art. In this regard, it is contemplated 

25 that the prosthesis may be preshaped or shaped by the surgeon during the surgical procedure. 
It is also contemplated that two or more sheets of fabric and/or barrier material may be 
implemented in one or more layers of the prosthesis. The layers may have the same size and 
shape, or may have a different size and/or shape. A separate layer of material may be 
employed between the repair fabric and the barrier layer. The prosthesis also may have a 

30 plug or three-dimensional shape, with selected portions, or all of, the edges of the plug 
covered by barrier material. 



5 



- 5 - 



S File No. DO 188/7 125 



As illustrated, the barrier layer -24 may cover the entire surface of a first side 30 of the 
repair fabric 22. This particular configuration allows tissue ingrowth to a second side 32 of 
the repair fabric while inhibiting adhesions to tissue and organs located opposite the 
anatomical defect site. It is to be appreciated, however, that the barrier layer 24 may be 
5 configured to cover only selected portions of the first side of the fabric 22 to enhance tissue 
ingrowth from both sides of the fabric in those portions free of the barrier layer. 

In some instances, it may be desirable to isolate the outer peripheral edge of the repair 
fabric from adjacent tissue and organs. In the illustrative embodiment, the peripheral barrier 
26 extends completely about the outer peripheral edge 28 of the fabric to inhibit adhesions 
10 thereto. It is to be understood, however, that the peripheral barrier 26 may be configured to 
cover only selected portions of the outer peripheral edge of the fabric that one-may wish to 
protect from the formation of postoperative adhesions, such as portions of the edge that may 
^ be exposed to tissue and organs. 

i|3 The peripheral barrier 26 may be formed integral with either the repair fabric 22 or 

«i 1 5 the barrier layer 24. Alternatively, the peripheral barrier 26 may be formed by a separate 
^ component that is attached to or incorporated into the outer peripheral edge of the implant, 

nj In one illustrative embodiment shown in FIGS. 1-3, the peripheral barrier 26 is 

*** formed from a portion of the repair fabric 22. In particular, the repair fabric 22 may be 

P altered so as to substantially eliminate the tissue infiltratable interstices or openings along its 

LI 20 outer margin, thereby creating a peripheral barrier 26 which inhibits tissue ingrowth to the 
j; outer peripheral edge 28 of the fabric. 

Li? 

p In one embodiment, the outer margin of the repair fabric 22 is melted to seal the 

fabric material and form an outer peripheral barrier 26. The barrier layer 24 may be 
configured, such as with submicronal sized pores, so that a portion of the melted fabric 
25 material becomes fused to the barrier layer 24. In this arrangement, the peripheral barrier 26 
may act to increase the stiffness of the outer margin of the barrier layer, such that the outer 
edge of the barrier layer may become more resistant to being inadvertently folded back. 
Additionally, the outer margin of the barrier layer may tend to soften and thereby reduce the 
1 brittleness of the peripheral barrier. The outer peripheral barrier may have a width that is 

30 approximately equal to or greater than the thickness of the fabric material. 
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The outer margin of the fabric-22 may be melted using any suitable process as would 
be apparent to one of skill in the art> In one embodiment, the outer margin may be melted by 
heat sealing the fabric. Other processes may include ultrasonic, induction, vibration, 
infrared/laser welding and the like. 

As shown in FIG. 3, the peripheral barrier 26 may be configured to decrease in 
thickness in an outward direction away from the outer peripheral edge 28 of the repair fabric 
and toward the outer edgex>f the barrier layer 24. In one embodiment, the peripheral barrier 
26 has a tapered shape resulting in a low profile edge relative to the rest of the prosthesis that 
may enhance the adhesion resistance of the peripheral barrier 26. The tapered shape may also 
provide the prosthesis with a relatively flexible, adhesion resistant outer margin. It is to be 
understood, however, that any suitable shape may be employed for the peripheral barrier 
would be recognized by one of skill in the art. For example, the peripheral barrier -26 may be 
formed with a stepped configuration, with a non-uniform taper, or with a constant thickness. 

In another illustrative embodiment shown in FIGS. 4-6, the peripher&l barrier 26 is 
formed from a portion of the barrier layer 24. In particular, the outer margin of the barrier 
layer may be extended along a portion of the layer of repair fabric 22 so that it covers at least 
a portion of the outer peripheral edge 28 of the fabric. 

In one embodiment, the outer margin of the barrier layer 24 is wrapped about the 
repair fabric 22 so that it extends from the first side 30 of the repair fabric and across the 
thickness of the outer peripheral edge 28 of the fabric. The barrier layer 24 may further 
extend inwardly across a portion of the second side 32 of the fabric adjacent the outer 
peripheral edge 28. The barrier material may be hemmed about the repair fabric and secured 
with stitches 34, 36 placed inward of the outer peripheral edge of the fabric. This 
configuration essentially encapsulates the outer peripheral edge of the fabric with barrier 
material to inhibit adhesions thereto. 

The barrier material, however, does not need to wrap around the peripheral edge and 
across the second side of the fabric as shown in FIG. 6. In this regard, the barrier material 
may extend across and be joined to the outer peripheral edge of the fabric. For example, the 
barrier material may be bonded to the outer peripheral edge of the fabric with any suitable 
adhesive, such as a silicone, that is compatible with the particular fabric and barrier materials. 
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It may be desirable to configure the hemmed portion of the prosthesis with fluid 
drainage so as to reduce the potential for entrapping fluid along its outer margin that could 
lead to a seroma and/or an infection. In one illustrative embodiment shown in FIGS. 5 and 7, 
the portion of the barrier layer 24 overlying the second side 32 of the repair fabric 22 includes 
5 a plurality of apertures 38 adjacent the outer peripheral edge 28 of the fabric. The apertures 
38 should have a sufficient size and be located to permit fluid drainage. In this regard, the 
apertures 38 may be spaced inwardly and slightly away from the outer peripheral edge 28 of 
the fabric, as shown in the figures. 

In one embodiment, the apertures 38 may include slits that extend inwardly away 

10 from the peripheral edge 28 of the fabric. As shown, the slits may have a generally V-shape 
that not only allows fluid drainage, but also reduces the likelihood of developing wrinkles or 
puckers along the outer margin of the prosthesis as the barrier layer is wrapped about the 
peripheral edge of the fabric. This may be of particular concern when the prosthesis has a 
curved configuration as shown. In one embodiment, the apex 40 of the apertures 38 may be 

15 spaced inwardly approximately .020 to .030 inches from the outer peripheral edge 28 of the 
fabric. Of course, one of skill in the art would readily recognize that any suitable aperture 
configuration may be employed to provide fluid drainage and/or reduce wrinkle development 
along the outer margin of the prosthesis. For example, the apertures 38 may be configured as 
a pattern of holes distributed on the portion of the barrier layer overlying the second side of 

20 the fabric. In one embodiment, the apertures may have a diameter of approximately 1mm 
that may be spaced approximately 5mm apart. 

The repair fabric 22 and barrier layer 24 may be configured to have any suitable shape 
that is conducive to facilitating the repair of a particular defect. In the embodiments 
illustrated in FIGS. 1-6, the prosthesis 20 has a generally elliptical or oval shape. Examples 

25 of other shapes include, but are not limited to, circular, square and rectangular shapes. 

In one embodiment, the repair fabric 22 is formed of a sheet of knitted polypropylene 
monofilament mesh fabric such as BARD MESH available from C.R. Bard, Inc. When 
implanted, the polypropylene mesh promotes rapid tissue ingrowth into and around the mesh 
structure. Alternatively, other surgical materials which are suitable for tissue reinforcement 

30 and defect closure may be utilized including PROLENE, SOFT TISSUE PATCH 

(microporous ePTFE), SURGIPRO, TRELEX, ATRIUM and MERSELENE. Absorbable 
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materials, including polyglactin (VICRYL) and polyglycolic acid (DEXON), may be suitable 
for applications involving temporary repair of tissue or wall defects. It also is contemplated 
that the mesh fabric may be formed from multifilament yarns and that any suitable method, 
such as knitting, weaving, braiding, molding and the like, may be employed to form the 
5 prosthetic mesh material. 

In one embodiment, the barrier layer 24 is formed from a sheet of expanded 
polytetrafluoroethylene (ePTFE) having a pore size (submicronal) that discourages tissue 
ingrowth and adhesion. Examples of suitable material include FLUORO-TEX Pericardial 
and Peritoneum Surgical Membrane and FLUORO-TEX Dura Substitute available from C.R. 
10 Bard and PRECLUDE Pericardial Membrane, PRECLUDE Peritoneal Membrane and 
PRECLUDE Dura Substitute membrane available from W.L. Gore & Associates, Inc. A 
representative and non-limiting sampling of other suitable non-porous materials includes 
silicone elastomer, such as SILASTIC Rx Medical Grade Sheeting (Platinum Cured) 

P 

distributed by Dow Corning Corporation, TEFLON mesh, and microporous polypropylene 
15 sheeting (CELGARD) and film. Autogenous, heterogenous and xenogeneic tissue also are 
K contemplated including, for example, pericardium and small intestine submucosa. 

n i Absorbable materials, such as SEPRAFILM available from Genzyme Corporation and 

^ oxidized, regenerated cellulose (Intercede (TC7)) may be employed for some applications. It 

B 

Q is to be appreciated that any suitable adhesion resistant materials may be used as would be 

r: 20 apparent to one of skill in the art. 

Hp In the illustrative embodiments described above, the repair fabric 22 and the barrier 

f=j layer 24 are integrally connected with one or more connecting stitches 42. As shown in 

FIGS. 1 and 4, multiple series of stitches 42 (including hem stitches 34, 36) may be formed in 
a concentric pattern that follows the shape of the prosthesis. Stitching may allow total tissue 

25 infiltration to the fabric while providing a strong connection between the fabric and the 

barrier layer. The concentric pattern also maintains composite integrity by preventing the 
barrier 24 and underlying fabric 22 from separating should the prosthesis be trimmed by the 
surgeon to match a particular size and shape of the repair site. Any suitable pattern, however, 
may be employed so as to minimize separation of the fabric and the barrier layer. 

30 In one embodiment, the stitches 42 (including hem stitches 34, 36) are formed with a 

polytetrafluoroethylene (PTFE) monofilament. PTFE stitches may provide a softer, more 

9 
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flexible prosthesis that is easier to manipulate as compared to a prosthesis using other stitch 
materials, such as polypropylene monofilament. PTFE monofilament also facilitates the 
manufacturing process due to the low friction characteristics of the material. Additionally, 
PTFE stitches may tend to be more adhesion resistant than other materials. Nevertheless, it 
5 should be understood that any suitable material, such as polypropylene monofilament, may be 
employed for the stitches. 

The barrier layer 24 may be stitched to the repair fabric 22 by positioning the barrier 
material on the fabric to face the sewing needle so that the locking portion of each stitch is 
formed on the fabric side of the composite rather than on the barrier side to reduce the 
1 0 incidence of localized adhesions with tissue and organs. The stitches may be formed using a 
#10 ball-tipped needle to reduce the potential incidence of tissue ingrowth through the stitch 
holes. The sheets of fabric and barrier material may be held by a frame during the sewing 
procedure on a computer controlled table that has been programmed with the desired stitch 
pattern. 

1 5 Any other suitable fastening technique and material may be employed to attach the 

barrier layer 24 to the repair fabric 22. For example, the barrier layer 24 may be bonded to 
the fabric 22 using an adhesive dispensed in a desired pattern, such as a spiral pattern, a 
serpentine pattern or a grid-like pattern of dots or beads, that maintains a sufficient quantity 
of open or non-impregnated interstices for tissue infiltration. Alternatively, the barrier layer 

20 24 may be laminated or heat fused to the fabric 22 by a combination of heat and pressure. 
This lamination technique may be enhanced by a second layer of fabric such as is described 
in U.S. Patent No. 6,120,539 which is also assigned to C.R. Bard, Inc., the assignee of the 
present application, and is incorporated herein by reference. The barrier may also be insert 
molded to the fabric using any suitable molding process. 

25 It may be desirable to reinforce the outer margin of the prosthesis 20, particularly 

when the prosthesis may be secured using fasteners, such as sutures, staples and the like, 
along its outer margin. In one illustrative embodiment, a stitch line 42 (FIG. 3) and 36 (FIG. 
6) is provided along the circumference of the prosthesis slightly inward of the peripheral 
barrier 26 to form a bite region away from the outer peripheral edge 28 of the fabric that is 

30 configured to receive a fastener for securing the prosthesis along its circumference. In this 
regard, a fastener, such as a suture, may be attached to the prosthesis inward of the stitch line 
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42 so that the stitch line may resist tension placed on the suture. In one embodiment, the 
stitch line may be located approximately 3mm inward from the outer peripheral edge 28 to 
form a bite region having a width of approximately 4mm. Of course, any suitable 
reinforcement configuration apparent to one of skill may be employed along the outer margin 
of the prosthesis. 

In an exemplary embodiment, the composite prosthesis 20 includes an approximately 
.027 inch thick sheet 22 of BARD MESH knitted from polypropylene monofilament with a 
diameter of approximately 0.006 inches. An approximately .006 to .008 inch thick sheet 24 
of ePTFE is attached to the mesh using approximately 3 mm to 4mm long stitches 42 formed 
of a 0.008 inch to 0.012 inch diameter PTFE monofilament. The prosthesis 20 has a 
generally elliptical shape that may be configured to have any desired size. The peripheral 
barrier 26 has a width of approximately 0.10 inches with a tapered shape having a thickness 
of approximately .005 inches at its tip. It should be understood, however, that these 
dimensions are merely exemplary and that any suitable sizes and shapes may be employed for 
the prosthesis. 

In the exemplary embodiment, the peripheral barrier 26 is formed by melting a ring of 
polypropylene mesh fabric 22 to the ePTFE barrier layer 24 in a generally elliptical shape 
that approximates the desired configuration of the prosthesis. This may be accomplished by 
overlying oversized sheets of the mesh fabric and ePTFE material in a fixture and heat 
sealing the layers using a heated die configured with the desired shape of the prosthesis. The 
melted ring may be formed by applying heat to the fabric at a temperature range of 
approximately 320° F to 400° F for a period of approximately 3 to 5 seconds. Once fused, the 
fabric and barrier layer are stitched, as described above, and subsequently die cut flush along 
a portion of the ring to complete the prosthesis with a peripheral barrier. 

Other illustrative embodiments for isolating the outer peripheral edge of the fabric are 
shown in FIGS. 8-10. 

In FIG. 8, the interstices or openings along the outer margin 50 may be impregnated 
or otherwise occluded with a biocompatible material, such as silicone, polyethylene, 
polypropylene, urethane and the like, so as to inhibit tissue ingrowth that could lead to 
postoperative adhesions. 
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In FIG. 9, a body 52 of adhesion resistant material, such as a silicone, polyethylene, 
polypropylene, ePTFE, urethane and the like, may be deployed about the outer peripheral 
edge 28 of the repair fabric. Absorbable materials, such as SEPRAFILM available from 
Genzyme Corporation and oxidized, regenerated cellulose (Intercede (TC7)) may be 
employed for some applications. It is to be appreciated that any suitable adhesion resistant 
materials may be used as would be apparent to one of skill in the art. 

In FIG. 10, a second barrier layer 54 may be placed along the outer margin of the 
second side of the repair fabric with the outer margin 56 of the fabric being melted and sealed 
between the first and second barrier layers. 

It is to be understood, however, that the above embodiments are exemplary and any 
suitable peripheral barrier configuration may be implemented to isolate the outer peripheral 
edge of the fabric from developing adhesions to adjacent tissue and organs. 

The present invention provides a prosthetic repair fabric having certain of the 
following advantages. The composite prosthesis combines the low adhesion incidence of a 
physical barrier over portions the repair fabric, including its outer peripheral edge, with 
desirable tissue ingrowth to the host tissue. The composite may be anchored in place by 
tissue ingrowth into the fabric interstices and/or may be sutured, stapled and the like to tissue. 

It should be understood that the foregoing description of the invention is intended 
merely to be illustrative thereof and that other embodiments, modifications, and equivalents 
of the invention are within the scope of the invention recited in the claims appended hereto. 

What is claimed: 




